The synthesis of an air-and thermally stable organonickel(II) complex possessing two C sp3 -Ni(II) bonds is reported. The NMR spectral data suggest that the carbanionic center in the complex carries a larger negative charge and reduced structural ring strain than the related Pd(II) and Pt(II) analogs.
Introduction
We have been interested in the synthesis of stable organo-Pd(II) complexes [1] [2] [3] possessing cis, bis-C sp3 -metal bonds, [4] [5] [6] [7] [8] [9] [10] as potential anti-tumor agents 11 and catalysts. 12 This series has subsequently been expanded to include the corresponding platinum(II) counterparts. [13] [14] [15] [16] [17] The similarities and differences between these complexes have led us to investigate the related Ni(II) members in order to determine the structural and chemical relationships within this triad family. Few meaningful series of organometallic complexes involving a complete triad have been reported; [18] [19] [20] [21] thus, this nickel complex would afford insight into potential relationships. To this end, we report herein the synthesis of the air-and thermally stable organonickel(II) complex 3a containing two cis-C sp3 -Ni bonds, which are in contrast to the more common sp 2 -hybrids. [22] [23] [24] These stable complexes also possess β-hydrogens, which when present, usually lead to facile elimination reactions. 25 Lastly, in general, organonickel(II) complexes are not noted for their thermal stability; in fact, the main interest relates to their ability to generate organic radicals, an artifact of their inherent instability. An interesting feature of complex 2a is that the NMR spectra are nearly superimposable with that of the free ligand; however, its elemental analysis, visible purple chromophore, and X-ray crystallographic data 29 support the assignment. Although its 1 H NMR spectrum was identical to that of the ligand, its 13 C NMR showed a -2.9 ppm shift for C-2 while the remaining shift differences were in the -1.4 to -0.8 ppm range. The rationale for the minor shifts in the NMR data became apparent on the basis of its X-ray analysis, 29 in which the N,N-coordinated complex is tetrahedral; thus along with the lack of steric interactions, present in the square planar Pt(II) and Pd(II) analogs, the electronics of Ni(II) in this geometry are very comparable to Zn(II) in that it is effectively neutral. Despite the tetrahedral geometry of 2a in the solid state, sufficient distortion must occur due to the electron pairing in solution, 30 since no evidence for paramagnetism was found in the NMR data. 31 The geometry in 2a is typical of such complexes, 32, 33 in which Ni-N bond lengths of Cyclometallation of 2a was difficult due to the ease of Ni(II) extraction. Use of various carbonates (e.g., K or Cs) in different solvents led to the same result, quantitative recovery of the free ligand and the formation of NiCO 3 . The first success was attained using 50% NaH and 2a in anhydrous THF at reflux for 4-6 h under argon; however, the yields of the desired product 3a were variable and the work-ups difficult. Thus, treatment of 2a with a slight excess (1.05 equiv.) of tert-BuOK in dry THF at 0 ºC under argon caused an immediate color change (light purple to yellow) and the formation of the stable yellow microcrystalline 3a, whose 1 H NMR spectrum paralleled that of the Pd(II) and Pt(II) analogs, 3b and 3c, respectively. In the 1 H NMR data (Table 1) , H-5 showed a slight upfield shift (+0.06 ppm), while H-3
shifted downfield (-0.90 ppm) owing to conformational changes from the anti (ligand) to the syn (complex), and metal coordination. A shift of +0.07 ppm for H-4 was the smallest within the series (cf.: +0.20 for 3b and +0.27 for 3c). For 3a, the alkyl portion was also supportive of cyclization, as indicated by a +0.35 ppm shift for the CH 2 moieties demonstrating that the 5·5·5-fused ring system is better suited to the smaller transition metal (i.e., Ni) when compared to the +0.52 ppm shift for 3b and 3c. The 13 C NMR spectrum for 3a further verified the more efficient "fit" of the Ni(II) into this core since the CH 2 shift was +5.5 vs. +12.2 for 3b and +14.2 ppm for 3c. Shifts experienced with this signal have been mainly attributed to ring strain. 15 Ligand-tometal donation is supported by the upfield shift of H-4 in the 1 H NMR spectrum and the upfield shift (+2.6 ppm) for C-4 in the 13 C NMR spectrum. The location of the 13 C NMR signal (45.0 ppm) for the metallated carbon in 3a indicated an increased electron density at the carbanionic centers compared to that of 47.4 for 3b and 49.0 for 3c ppm; these results were not surprising in view of the decreased electronegativity of Ni(II) as compared to Pd(II) and Pt(II). 
